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1:
) – $T_{0}+\Delta T_{\text{ }}T_{0}$
$\rho_{0}$ MHD
– \rho \alpha $\kappa_{\text{ }}$
\nu \mbox{\boldmath $\sigma$} $\mu$ MHD
$\mathrm{g}(\mathrm{r})=-g0\frac{r_{1}^{2}}{r^{3}}\mathrm{r}$ , (1)
$\mathrm{r}$ $r=|\mathrm{r}|_{\text{ }}$ go
MHD , ,
, .





$\mathrm{B}=(\frac{2M\cos\theta}{r^{3}},$ $\frac{M\sin\theta}{r^{3}},$ $0)$ . (3)
$d,$ $d^{2}/\kappa,$ $\triangle T$ . $\rho\kappa^{2}/d^{2}$ . $M/d^{3}$
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$R=r_{1}/d_{\text{ }}$ Rayleigh $Ra=$
$\alpha g_{0}\triangle Td^{3}/\kappa\nu_{\text{ }}$ Prandtl $P_{1}$ =\nu /\mbox{\boldmath $\kappa$} Prandtl $P_{2}=\sigma\mu\nu_{\text{ }}$ Chandrasekhar
$Q=\sigma M^{2}/\rho\nu d^{4}$ Bousinessq u
$\ominus$ , $\mathrm{b}$ MHD ,
$0$ $=$ $\nabla\cdot \mathrm{u}$ , (4)
$0$ $=$ $\nabla\cdot \mathrm{b}$ , (5)
$\frac{\partial \mathrm{u}}{\partial t}$ $=$ $- \nabla p-RaP_{1}\gamma(r)\ominus \mathrm{r}+P_{1}\nabla^{2}\mathrm{u}+\frac{QP_{1}^{2}}{P_{2}}[(\mathrm{B}\cdot\nabla)\mathrm{b}+(\mathrm{b}\cdot\nabla)\mathrm{B}]$ , (6)
$\frac{\partial \mathrm{b}}{\partial t}$ $=$ $( \mathrm{B}\cdot\nabla)\mathrm{u}-(\mathrm{u}\cdot\nabla)\mathrm{B}+\frac{P_{1}}{P_{2}}\nabla 2\mathrm{b}$ , (7)
$\frac{\partial\ominus}{\partial t}$ $=$ $\tau(r)\mathrm{r}\cdot \mathrm{u}+\nabla 2\ominus$ , (8)
$\gamma(r),$ $\tau(r)$
$\gamma(r)=\frac{R^{2}}{r^{3}}$ , $\tau(r)=\frac{R(R+1)}{r^{3}}$ (9)
$P$
$r=R,$ $R+1$ $\mathrm{u}=\mathrm{b}=0,$ $\ominus=0$ . (10)
, $\mathrm{u},$ $\mathrm{b}$
$\psi(r, \theta, t),$ $\omega(r, \theta, t),$ $\xi(r, \theta, t),$ $\eta(r, \theta, t)$
$\mathrm{u}=(\frac{1}{r^{2}\sin\theta}\frac{\partial\psi}{\partial\theta’}-\frac{\mathrm{l}}{r\sin\theta}\frac{\partial\psi}{\partial r},$ $\frac{\omega}{r\sin\theta})$ ,
$\mathrm{b}=(\frac{1}{r^{2}\sin\theta}\frac{\partial\xi}{\partial\theta}$ $- \frac{\mathrm{l}}{r\sin\theta}\frac{\partial\xi}{\partial r’}\frac{\eta}{r\sin\theta})$
(11)
(11) $\mathrm{u},$ $\mathrm{b}$ $\nabla\cdot \mathrm{u}=0\text{ }\nabla\cdot \mathrm{b}=0$
$r=R,$ $R+1$ $\psi,$ $\omega,$ $\xi,$ $\eta,$ $\ominus$
(10) $\#\mathrm{h}_{\text{ }}$
$\psi=\frac{\partial\psi}{\partial r}=\omega=\xi=\frac{\partial\xi}{\partial r}=\eta=\ominus=0$ (12)
$\psi,$ $\ominus,$ $\xi$ $\omega,$ $\eta$ MHD
$\psi,$ $\ominus,$ $\xi$
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3\psi , $\xi,$ $\ominus$
$\psi(r, \theta)$ $=$ $\sum_{0l=}^{L}\sum_{m=0}^{M}\psi m\iota G_{7n}(r)\hat{P}_{l}+1(\cos\theta)$,
$\xi(r, \theta)$ $– \sum_{l=0}^{L}\sum_{m=0}\xi MmlG_{m}(r)\hat{P}\iota+1(\cos\theta)$ , (13)
$\ominus(r, \theta)$ $=$ $\sum_{0l=}^{L}\sum_{m=0}\ominus_{m}M$
.
$\iota F_{m}(r)P\iota(\cos\theta)$ .
$L,$ $M$ $r$ . $\theta$ $F_{m}(r),$ $G_{m}(r)$
$m$ Chebyshev $T_{m}(x)$ $(x\in[-1,1])$
$F_{m}(r)=(1-X^{2})T_{m}(X),$ $G_{m}(r)=(1-X^{2})^{2}\tau_{m}(x)$ , $r= \frac{x+1}{2}+R(14)$
$m$ (12) $\hat{P}_{l}(\cos\theta)$ l
Legendre $P\iota(\cos\theta)$





$E(u_{r})$ $=$ $\iiint||u_{r}(r, \theta)||^{2}r^{2}\sin\theta drd\theta d\varphi$
$=$ $\sum_{=l1}^{L+}E_{l(}1ur)$ . (16)
$E_{l}(u_{r})$
$E_{l}(u_{r})= \frac{2\pi l^{2}(\iota+1)^{2}}{2l+1}\sum_{m=0m}^{M}\sum^{M},\psi m=0l\psi_{m\iota}l\int R\prime R+1G_{m}(r)cm(r)r^{-2}dr$ . (17)










Rayleigh Ra $-\backslash \nearrow$ $Q$
4.1 Rayleigh
Rayleigh $Ra_{c}$ $R$ ( 2)





3: Rayleigh Ra $R=1$
$Ra_{c}\propto Q\overline{\overline{2}}$ (18)
– Rayleigh
3 $Ra$ $-Ra_{\text{ }}(0)$









4 $Ra$ $-Ra_{\text{ }}(0)$ $R$ Chandrasekhar
$Q=CR^{3}$ ( $C$ ) Rayleigh Rayleigh
$Ra$ $-Ra_{\text{ }^{}Q=0}$ $R$
$Ra$ $-Ra_{\text{ }^{}Q=}\propto R0-2.5$ (20)
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4: Rayleigh $Ra_{c}-Ra_{c}^{(}0$) $R$
Chandrasekhar $Q=R^{3}\mathrm{X}10^{3},$ $R^{3}\mathrm{x}10^{2},$ $R^{3}\cross 10$
4.3
(Q=0) \theta - $l$ Legendre
$P_{l}^{\mathrm{m}}(\cos \theta)$
5 $R=1$ $\psi$ $R=1$ ,





(a) $Q=0,$ $(\mathrm{b})Q=10^{4}$ .
6: $\psi$
(a) $Q=0,$ $(\mathrm{b})Q=10^{4}$ .
7: $r=R+1/2$ 8: $r=R+1/2$
$\psi$ : $Q=0$ , $\psi$ : $Q=0$,

























10 Chandrasekhar $Q=10^{3}$ $l=5$
$l=3$ 6
$Q=0$ $l=5$
$\text{ }-j\triangleright \text{ }$ 5
$Q=10^{3}$ $l=3$ $\text{ }-\text{ ^{}\backslash ^{\backslash }}$
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